ABSTRACT. Little is known about the variability of ecosystem service values at spatial scales most relevant to local decision makers. Competing definitions of ecosystem services, the paucity of ecological and economic information, and the lack of standardization in methodology are major obstacles to applying the ecosystem-services approach at the estuary scale. We present a standardized method that combines habitat maps and habitat-faunal associations to estimate ecosystem service values for recreational and commercial fisheries in estuaries. Three case studies in estuaries on the U.S. west coast (Yaquina Bay, Oregon), east coast (Lagoon Pond, Massachusetts), and the Gulf of Mexico (Weeks Bay, Alabama) are presented to illustrate our method's rigor and limitations using available data. The resulting spatially explicit maps of fisheries ecosystem service values show within and between estuary variations in the value of estuarine habitat types that can be used to make better informed resource-management decisions.
INTRODUCTION
Ecosystem services are the benefits obtained by humans from the environment (Millennium Ecosystem Assessment 2005) . Estuaries provide many benefits to humans. They are sources of food, regulate water supply and nutrients, provide habitat for plants and animals, help prevent flooding, and are sites for recreation and other cultural activities (Costanza 1997 , Wilson et al. 2005 . The first human civilizations began beside estuaries about 8,000 years ago (Kennett and Kennett 2006) . Coastal locations may even have played a role in our evolutionary development (Hardy 1960 , Horrobin 2001 , Verhaegen et al. 2002 , 2007 . It is not surprising, then, that estuaries are thought to be among the most valuable of any habitat type (Costanza et al. 1997) . Today, many of the world's largest urban areas are situated around estuaries. Of the 32 largest cities in the world, 22 are co-located with estuaries (Ross 1995) . On a global basis, coastal areas account for 61% of the world's population, and 71% of the world's coastal people live within 50 km of an estuary (Agardy et al. 2005) . Human usage has impacted >90% of formerly important species, destroyed >65% of seagrass and wetland habitat, degraded water quality, and accelerated species invasion in estuaries (Lotze et al. 2006) . The effects of global development and human population growth have greatly altered many estuaries from their natural state through destruction of wetland habitats (Millennium Ecosystem Assessment 2005 , Lotze et al. 2006 , introduction of toxic pollutants (e.g., Davis et al. 2007 , Fleagle et al. 2007 ), elevation of nutrient inputs (Howarth 1998 , Bricker et al. 2007 , and alterations of water flow (Nilsson et al. 2005) . Naturally functioning ecosystems are becoming increasingly scarce, and pristine estuarine systems may no longer exist (Conley 1999) . These pressures have resulted in a reduction of estuarine quality and the capacity of estuaries to provide the benefits on which humans rely.
Economics and ecology do not function in isolation. Human development occurs within, and is an integral part of, the broader global ecosystem (Daily 1997 , Daily and Walker 2000 , Boumans et al. 2002 , Ehrlich and Ehrlich 2008 . Failure to account for the value of the services provided by ecosystems, and the fact that most causes of ecological damage are economic externalities, has resulted in a lack of In the ecosystem-services framework based on the MEA typology, the sum of these four types of services measured as Economic Values (EV) is the Total Economic Value (TEV) of an ecosystem. However, the MEA ecosystem-services typology is not universally accepted. Boyd and Banzhaf (2007) and Wallace (2007) have pointed out the danger of confusing "means" and "ends," which can lead to "double counting." For example, the distinction between the refugia function of an eelgrass (Zostera marina) bed, a supporting service, as a "means" toward the "end" of commercial fishing, a provisioning service, is not explicit in the MEA typology. Thus, economic valuation of both refugium and fisheries values would constitute double counting. To address the potential for double counting in the MEA approach, Boyd and Banzhaf (2007) propose a framework based on "final services," defined as "those components of nature directly used or enjoyed by humans." They argue that taking inventory of stocks of ecosystem components is a more legitimate approach to valuation, and that recreational services are not ecosystem services, but benefits to which ecosystems provide inputs. However, the interconnectedness of ecosystem components and processes means that there is not always a clear distinction between means and ends (Costanza 2008) . To some degree, the choice of typology may depend on the scope of particular study or the spatial scale under consideration (Costanza 2008, Fisher and Turner 2008) . Here, we focus on recreationaland commercial-use values. Recreational use measures an end value that reflects various intermediate services and can be achieved through various means.
Of the four MEA service categories, generally only provisioning services have market values. Although markets are developing for some other services, e.g., carbon storage (Nordhaus 2008) , most remain outside the economic framework and, some, such as religious and spiritual functions of nature, lie beyond the scope of economic enquiry (Norgaard et al. 1998) . Values for ecosystem services that do not have markets are measured using nonmarketvaluation techniques (see Champ et al. 2003 for a review). These methods generally measure consumer surplus, that is, the amount individuals would be willing to pay for a given good or service in addition to what they already spend to obtain that good (Marshall 1890) . Similarly, producer surplus is the benefit producers of a good receive over and above the amount the costs incurred to produce that good.
The lack of markets for many ecosystem services is a major obstacle to comprehensive economic evaluations of estuaries (Pendleton et al. 2007 ). Wilson et al. (2005) identified 242 potentially valuable ecosystem goods and services from 23 coastal landscape features and habitats. Of these, only 33 had published economic values. As a result, the reliability of benefits transfer, i.e., using measured values from one study site and transferring them to another, is difficult to apply in coastal areas where the paucity of data can lead to unreliable results. Nevertheless, in the absence of Ecology and Society 15(4): 7 http://www.ecologyandsociety.org/vol15/iss4/art7/ site-specific primary studies, benefits transfer is commonly employed (e.g., Costanza et al. 1997, Troy and Wilson 2006) . Benefit transfer is generally conducted in one of two ways: (1) direct transfer of a value from a study in a site similar to the site being studied, or (2) the use of meta-analysis, where a statistical model of valuation studies with different characteristics is used to predict a value for the site being studied. In an extensive meta-analysis of wetland valuation literature, Woodward and Wui (2001) conclude that the use of benefits transfer of wetland values based on previous studies is an imprecise science and stress the need for sitespecific studies. In a more recent analysis, Brander et al. (2006) state that the average error in value transfer for wetland studies using meta-analysis is 74%. However, where primary data are not available, benefit transfer often represents the best available option.
Spatially explicit studies of ecosystem service values have extensively employed benefits transfer. These studies have been at coarse spatial scales covering large geographic areas (Costanza et al. 1997, Troy and Wilson 2006) . For example, Costanza et al. used a global land-cover use dataset with 1º latitude x 1º longitude spatial resolution. In practice, most land-development and resourcemanagement decisions are made at the local level where information is needed at much finer spatial scales. This requires spatially differentiating EV within the geographic domain of interest; such finescale mapping of ecosystem services has received little attention and as such requires innovative new methods. Estuarine ecosystems are typically comprised of several habitat types such as emergent marshes, and vegetated and unvegetated intertidal and subtidal habitats. These habitats exhibit differing physical, biological, and chemical properties and processes and, thus, have different ecological values. The complexity of habitat structure determines the diversity and composition of organisms occurring (Hosack et al. 2006) . The estuarine nursery concept now recognizes that specific habitats within estuaries can be of greater importance to juvenile fish (Dahlgren et al. 2006) . Habitats containing complex structures such as eelgrass beds, emergent marsh, oyster (Ostreidae) reefs, or cobble, may provide refuge for juveniles of species (Amaral et al. 2009 , Franca et al. 2009 ) and some habitats may provide increased prey availability (Holsman et al. 2006, Wouters and ). Different estuarine habitats support different faunal communities over relatively small spatial scales (Hemminga and Duarte 2000 , Jackson et al. 2001 , Ferraro and Cole 2004 . Furthermore, the faunal-habitat associations may be consistent in relative terms despite climatic and environmental variability (Ferraro and Cole 2007) . As such, habitats may be considered as individual subsystems within the larger estuarine ecosystems, and their differing ecological values likely support differing economic value. Thus, because of their functionally discrete physical and biological properties, certain habitat templates may serve as sensible and useful ecological units upon which to estimate EV, and by their summation, TEV, for all or selected portions of estuaries.
With increasing emphasis on including valuation in natural-sciences research to aid with decision making, there is a necessity to develop rigorous and widely applicable methods to capture the spatial variability in ecosystem-services supply. Here, we present the results of a pilot project examining the feasibility of using a habitat-template approach, and existing data to map the distribution of recreational and commercial fisheries ecosystem service values in estuaries. The aim of this fine-scale mapping of ecosystem service values is to allow local decision makers to make better informed decisions involving tradeoffs in projects where changes in the area of estuarine habitat types are likely to occur. We present a testable model for fine-scale mapping of ecosystem services. The goal of the approach was to generate spatially explicit valuation estimates on the spatial scales of habitats within estuaries. We applied the method to three case-study estuaries. Using existing data, we estimated the value of consumer and producer surplus of the major recreational and commercial fisheries in each estuary. Recreational-use 
METHODS
Our three case-study sites are on the U.S. west coast (Yaquina Bay, Oregon), Gulf coast (Weeks Bay, Alabama), and east coast (Lagoon Pond, Massachusetts) (Fig. 1) . Here, we outline the general methodology for economic evaluation and mapping as well as specific details of the methods as they applied to each estuary. (Hickey and Banas 2003) . The estuary receives large loads of nutrients, predominantly from the marine end, and is not thought to be eutrophied (Sigleo et al. 2005, Brown and Ozretich 2009 ).
The Yaquina estuary has supported subsistence fisheries for at least two millennia (Tveskov and Erlandson 2003) . Since European settlement, and until fairly recently, the principal local economic activity has been natural-resource extraction. However, recent natural-resource declines have shifted the local economy to an increased dependence on tourism (Huppert et al. 2003) . Tourism is largely centered around recreational outdoor activities including fishing, crabbing, and clamming (Parrish and Litle 2001) . The most important local commercial fishery is for Dungeness crab (Cancer magister).
Weeks Bay, Alabama, in the northern Gulf of Mexico (30° 45' N, 87° 88' W), is a subestuary of Mobile Bay (Stutes et al. 2006) . Its surface area is 8 km². The Weeks Bay watershed covers about 512 km². The bay experiences slightly elevated nutrient concentrations relative to similar systems, possibly because of its largely agricultural watershed (Cebrian and Valiela 1999) . Salinity in the bay is primarily controlled by freshwater flow from two river discharges and from tidal exchange with Mobile Bay (Shroeder et al. 1990 (Shroeder et al. , 1992 . Weeks Bay is designated as a National Estuarine Sanctuary and receives additional protection because of its classification as a National Estuarine Research Reserve. The natural shoreline is fringed by a combination of salt marsh, forested wetland, and beach. Shoreline alteration is minimal and mostly restricted to dock structures within pockets of residential development along the southeast, southwest, and northeast shores.
Lagoon Pond, Massachusetts (41° 26' N, 70° 35' W) lies on the northern shore of Martha's Vineyard, between the towns of Oak Bluffs and Tisbury. The pond is 2.1 km 2 in area, with a watershed of 15.6 km 2 . The pond receives nitrogen loadings both from acid rain and the surrounding land use (Gaines 1986) . Mean depth at low water is 2. The goal of our methodology was to render economic value in spatially explicit format on the scale of individual habitat types using ecological data, to assess the feasibility and utility of fine-scale ecosystem-services mapping. The method required three types of data: (1) economic data, (2) geographical data, and (3) biological data. Figure 2 shows a conceptual diagram of information flow required to construct our economic-value maps. Table 1 summarizes the fisheries valued, the methods used for valuation and mapping, and the habitats valued for each estuary. Specific details of the methodology used in each estuary are presented below. 
Valuation
The scope of our work was limited to the recreational and commercial fishing-services values of specific fisheries and estuarine habitats. Recreational value was measured as consumer surplus, and commercial value was measured as producer surplus. Recreational and Commercial Fishing Value (RCFV) was estimated as the sum of the recreational and commercial values. Economic valuation was conducted through an extensive literature review and data-mining exercise. Original, site-specific data were used preferentially. If no site-specific data were available, benefitstransfer techniques were employed. All prices were converted to 2007 dollars using the Consumer Price Index(CPI).
Generally, to evaluate recreational fisheries, two distinct types of data were required: (1) Willingness to Pay (WTP), and (2) fishing-effort data. Willingness To Pay for a given fishery, that is, consumer surplus, was reported in existing literature in two formats: WTP per fishing trip, or WTP per local household. For the former, it was also necessary to obtain estimates of Number of Individuals (NOI) fishing; for the latter, census data were used. Estimates of the NOI fishing for a species at a given location were obtained by personal communication or from unpublished data. Where no figure was available for a particular site, the NOI was estimated using an existing meta-analysis (Loomis and Richardson 2007) . The value of commercial fisheries was estimated by combining ex-vessel value data from the National Oceanic and http://www.ecologyandsociety.org/vol15/iss4/art7/ Note: EV f =economic value of a specific fishery ($/y -1 ); EV hab1...i =economic value of the specific habitat types ($/acre/ -1 /y -1 ); R 2...i =values of habitat types relative to the value of the first habitat type (dimensionless).
Atmospheric Administration Fisheries Service (NOAA) with information on the catch in each estuary. Producer surplus, i.e., the value of the commercial fishery over and above the costs incurred to operate the fishery, was assumed to be 25% of ex-vessel value (G. Sylvia, personal communication) . Stock values (sensu Boyd and Banzahf 2007) were calculated as ex-vessel values.
Error: qualitative estimates of confidence ("low/ high") for recreational fisheries estimates were made on WTP and NOI for each valuation. For WTP, "high" confidence was assigned if the figure used was site-specific. Non-site or activity-specific estimates were assigned "low" confidence. Similarly, direct measurements of NOI were assigned high confidence, whereas personal communications and values predicted from metaanalysis were assigned low confidence. For commercial fisheries where multiple-year fisheries datasets were available, standard error was calculated and expressed as a percentage. Commercial fisheries values obtained from models were assigned low confidence. It was not possible to quantitatively assess errors in the summed recreational and commercial estimates, as no (Hancock et al. 1979) were converted to estimates of weight using data from Griffin (1995) , and weights were converted to EV using ex-vessel values from Endreny and Sylvia (2006) .
Lagoon Pond
Multiyear primary data for the annual commercial scallop landings in the pond were supplied by the local shellfish constable (Grunden, personal communication) . These were combined with annual average values per weight to give an estimate of the commercial value of the scallop fishery.
No primary economic data were available for the recreational scallop fishery, so benefits transfer was used. A contingent valuation model for shellfisheries in Upper Narragansett Bay was used for the benefit transfer (Hayes et al. 1992 ). We used a logit model based on 1983 median Willingness To Pay (WTP) per household for the opportunity of continued shellfisheries, including both a use and nonuse value. Household income was the determining variable for WTP. To apply the model to modern-day Massachusetts, current medianincome values for households in Martha's Vineyard were back-calculated to 1983 values using the Consumer Price Index (CPI). These values were then applied to the model and the resulting median WTP were recalculated to 2007 values, again using the CPI (Table 2) .
Weeks Bay
As no direct estimates of recreational fishing effort were available for Weeks Bay, we estimated it indirectly using Loomis and Richardson's (2007) meta-analysis benefit-transfer calculator, using input data on the area of the Weeks Bay National Estuarine Research Reserve and the median income of the surrounding counties. The entire recreational WTP value was attributed to spotted sea trout (Cynoscion nebulosus) and red drum (Sciaenops ocellatus) which, combined, make up >95% of recreational fisheries in the bay (Phipps, personal communication) . The commercial value of the blue crab (Callinectes sapidus) fishery in Weeks Bay was estimated using the habitat-based model of blue crab fishery production used by Jordan et al. (2009) .
Mapping
Base layers for habitat distribution were taken from the National Wetlands Inventory (NWI), and habitats not represented in the NWI were inputted to GIS by georeferencing to the NWI data using ArcGIS 9.3. Areas for georeferenced features were calculated from the resulting GIS layers.
Habitat-usage values were calculated in one of two ways, depending on the data available:
Method 1: In cases where surveys of recreational fishery activity in given estuarine areas had been conducted, or where commercial production of a given species was confined entirely to a single area, the proportion of the total value for the fishery occurring in each particular area was known. In these cases it was possible to divide the value of the fishery in a particular habitat by the area of the habitat to get the values per unit area. These values were then assigned to the relevant GIS layers.
Method 2: In most cases the proportion of a given fishery in a given habitat type was not known. Relative faunal-usage values for habitats were taken from published sources when available (e.g., Holsman et al. 2006 , Jordan et al. 2009 , and from primary ecological-research studies conducted by the U.S. Environmental Protection Agency (EPA; unpublished data). When no habitat-specific information was available for a fishery, all habitats were assumed to have equal value.
The relative faunal-usage values described above were combined with habitat areas from GIS economic values from the valuation study to calculate the economic value of individual habitat types using the following formula:
.. EV habi x A i x R i
Where EV f is the economic value of commercial and recreational fishery for a single species (in $/y -1 ), EV hab1 to EV habi are the values of each habitat type to that fishery, and A 1 to A i are the areas of each habitat type estimated using GIS. EV f was estimated through the economic-valuation process. The value for each habitat type was set relative to the first habitat type (EV hab1 ) using the relative values (R 1 to R i ) obtained from original studies and from literature. Because the areas of each habitat type and the total value (EV f ) of the habitats contributing to the fishery were known from the valuation process, it was possible to rewrite the equation to solve for EV hab1 and substitute this value to solve for the remaining habitat values. The economic values of the individual fisheries layers were summed spatially using ArcGIS 9.3 to yield RCFV per unit area. Where spatial distribution of value was mapped directly, mean habitat values for individual habitat types were taken by random sampling of 100 points within the habitat using Hawth's Analysis Tools for ArcGIS.
Economic values for habitat areas were presented graphically in dollars per acre per year ($/acre -1 /y -1 ) or dollars per acre ($/acre -1 ), as these are the units commonly used to measure the value of land in the U.S. Per hectare values are supplied in brackets for comparison with other literature. Values displayed in the maps were rounded to the nearest U.S.$100 to avoid unwarranted precision in the estimates.
Yaquina Bay
For commercial oyster production and recreational clamming harvest, the proportion of the fishery in a given area was known and mapping (using method 1) was relatively straightforward. In Yaquina Bay the oyster harvest, which is strictly commercial, is carried out on plats leased from the Department of State Lands (DSL). Maps of the leased areas were obtained from DSL, and 100% of the commercial oyster value was attributed to these areas. The location of the clamming effort was further constrained by assuming that all clamming http://www.ecologyandsociety.org/vol15/iss4/art7/ was confined to known areas of clam distribution (mapped by Hancock et al. 1979) . Because clamming effort was reported for specific tide flats, mean values for each habitat were obtained by random sampling using Hawth's Tools. The clamstock value maps were produced by overlaying published clam-distribution maps for individual clams stocks (Hancock et al. 1979) by their economic values.
For the Dungeness crab fisheries in Yaquina Bay, no data were available on the proportion of the fishery in a given area, so the relative habitat usage method (method 2) was employed. As we found no habitat-specific data on the distribution of Dungeness crab in the Yaquina Bay estuary, we used a study conducted in another U.S. Pacific Northwest estuary, Willapa Bay, Washington (Holsman et al. 2006 ). Holsman et al. reported a habitat selectivity index for Dungeness crabs for five habitat types in Willapa Bay: eelgrass, unvegetated littoral habitat (ULH), oyster, stake (oyster culture), and sublittoral. Given that oyster culture in Yaquina Bay is primarily subtidal, which is not the case in Willapa Bay, we used the habitat-selectivity indices reported to ascribe relative values to eelgrass, ULH and sublittoral habitat, writing equation 1 as follows:
Note that ULH, EEL, and SUB represent unvegetated littoral habitat, eelgrass, and subtidal habitats respectively. The values for the selectivity indices for each habitat type were taken from Holsman et al. 2006 , and expressed relative to the ULH habitat-selectivity index and inserted into equation 1 as follows:
The equation was rearranged to solve for EV ULH and this was used to calculate habitat values for each habitat type.
No habitat-specific salmon fishery information was found for Yaquina Bay or any other U.S. Pacific Northwest estuary. Therefore, each habitat was assumed to contribute equally to the RCFV.
Lagoon Pond
As no data on the distribution of the recreational and commercial scallop fisheries in Lagoon Pond were available, habitat-affiliation data (EPA, unpublished data) were used to estimate the relative value of different depth bins (0-1 m, 1-2 
Weeks Bay
Relative abundance data (EPA, unpublished data) for spotted trout and red drum in Weeks Bay were used to assign values to the three major habitat types in Weeks Bay: ***salt marsh rush (Juncus roemerianus), ***smooth cord grass (Spartina alterniflora), and unvegetated sublittoral habitats (USL) using method 2: Table 3 summarizes the results of the economic analysis, along with a qualitative analysis of error in each estimate. Total RCFV was highest in Yaquina Bay (U.S.$1.8 million-2.9 million), and in the same order of magnitude for Lagoon Pond (U. S.$1.63 million). For Weeks Bay, RCFV was substantially smaller at U.S.$94,000. Recreational fisheries were more valuable in each of the estuaries than the commercial fisheries. In Lagoon Pond and Weeks Bay the commercial fisheries constituted 1% and 2% of recreational value, whereas in Yaquina http://www.ecologyandsociety.org/vol15/iss4/art7/ Bay the major commercial fisheries were between 12% and 26% of the recreational-fisheries values.
RESULTS
The most valuable single recreational fishery was the scallop fishery in Lagoon Pond (U.S.$1.6 million), and this was followed by the recreational fishery for salmon and Dungeness crab in Yaquina Bay, at U.S.$0.5 million-U.S.$1.2 million and U.S. $0.91 million, respectively. Figures 3a and 3b show the respective values of recreational clam digging and clams stocks for Yaquina Bay. These maps highlight how mapping of ecosystem services is highly dependent on the definition of the service being used. The distribution of recreational clam digging in the Bay shows a distinct decrease from west to east, reflecting the ease of accessibility to mudflats in the western part of the estuary. In contrast, the stocks of clams are patchily distributed with particularly valuable stocks being located toward the mouth of the estuary as well as in areas less well utilized for clam digging.
Figures 4, 5 and 6 illustrate the spatial distribution of RCFV in Yaquina Bay, Lagoon Pond, and Weeks Bay. Table 4 shows the habitat values associated with each habitat type in each estuary. There was considerable variation in habitat values between estuaries, and these habitat values did not exhibit the same pattern as the overall total RCFV between estuaries. Whereas the shallower waters of Lagoon Pond (0-1 m) were the most valuable of all our habitat types (~U.S.$12,000/acre -1 /yr -1 or ~U.S. $30,000 ha -1/ yr -1 ), the second-most valuable (~U.S. $9,000/acre -1/ yr -1 or ~U.S.22,000/ha -1 /yr -1 ) was the Spartina fringe marsh in Weeks Bay, which had the lowest total RCFV. The high value of the Spartina marsh was because of the high relative abundance of blue crab, spotted trout, and red drum in the habitat, combined with the small total area of the habitat. Both Spartina and Juncus (~U.S.$6,000/ acre -1 /yr -1 or U.S.$12,500/ha -1 /yr -1 ) marshes had values three orders of magnitude greater than in the adjacent unvegetated mudflats (U.S.$4/acre -1/ yr -1 or U.S.$10/ha -1 /yr -1 ). These were the least valuable of all habitats within the study, resulting in abrupt changes in habitat value over relatively small spatial scales.
Similar abrupt changes in value over small spatial scales were apparent in Yaquina Bay. Here, some intertidal areas having values <U.S.$600/acre -1 /yr -1 (U.S.$1,500&/ha -1 /yr -1 ) were situated directly adjacent to areas with values >U.S.$1,000/acre -1 / yr -1 (U.S.$2,500/ha -1 /yr -1 ). Maximum values (U.S. $1,270/acre -1 /yr -1 or U.S.$3.2 ha -1 /yr -1 ) were observed in the commercial oyster-growing areas in the mid-estuary, closely followed by intertidal areas of heavy recreational clam digging toward the mouth of the estuary (U.S.$1,300/acre/yr -1 /acre -1 / yr -1 or U.S.$3,100/ha -1 /yr -1 ). The lowest values (U. S.$500/acre -1 /yr -1 or U.S.$1,300 ha -1 /yr -1 ) were observed in the intertidal eelgrass beds and bare intertidal areas, particularly in the flats of the north shore where clamming effort was low.
DISCUSSION
Our approach represents a simple and uniform method for rendering economic values spatially explicit. The resulting maps provide a means for decision makers to assess the tradeoffs involved in policies or actions that involve the use of estuarine habitats or coastal land that cause loss of habitats or changes from one habitat type to another, e.g., the drainage of emergent marsh for agriculture or development, or conversion of seagrass habitat to bare mud because of reductions in water quality. Our work indicates the feasibility and utility of the habitat template in mapping estuarine ecosystem service values. Our maps highlight the large differences in the value of estuarine habitat types over fine spatial scales. Mapping these different values is an important step toward efficiently managing our estuarine resources and optimizing the benefits we can obtain from them.
In the three estuaries studied, the producer surplus of commercial fisheries made up a small fraction (1%-26%) of the consumer surplus resulting from recreational fisheries. This suggests that prioritizing considerations of recreational fisheries in planning decisions involving estuarine habitat might be more beneficial than focusing on the benefits obtained by commercial fishing. Given the nonmarket nature of the recreational consumer surplus, these recreational benefits can easily be overlooked if economic considerations are purely market-based.
We have taken a careful and coherent approach to the valuation exercise. Consumer and producer surplus represent the benefits obtained by recreational and commercial users of the estuaries and, as such, are well aligned with the MEA definition of ecosystem services as benefits. Although many studies have included local economic impacts (e.g., Hazen and Sawyer 2008, (B): Original data were reported as abundances >1 ft -2 and >5 ft -2 . This map was produced by georeferencing the original data and overlaying layers for Gaper, Bentnose, Littleneck, Softshell, Butter, and Cockle. Abundance were assumed to be 1 ft -2 and 5 ft 2 , and data were converted to -m 2 . http://www.ecologyandsociety.org/vol15/iss4/art7/ Note: This map is a composite of the commercial oyster map, recreational clamming-effort map, Dungeness crab habitat-preference map, and a salmon value map undifferentiated by habitat type. For per-hectare values, multiply by 2.5.
coast of the U.S. These rapid changes in economic value over small spatial scales indicate the importance of accounting for fine-scale spatial variability in the ecosystem approach to management, and support the use of the habitattemplate approach as an appropriate method for analyzing development decisions in estuaries. for a day of recreation; however, without original economic studies for a given case study, the variability of WTP with changes in the area of habitat remain unknown. In practice, to examine the effect of marginal habitat loss on a fish species or a fishery would require controlled studies of habitat loss and fishery values over time. To this end, the use of habitat-specific production models such as the blue crab model used in our analysis (Jordan et al. 2009 ) may provide a substitute where observational data are not available.
The diverse array of benefits provided by ecosystems, the differing methods required to measure these benefits, and the bundled nature of the services produced by ecosystems, result in a complex tangle of economic means and ends (Costanza 2008) . This complexity has led to debate over the best ways to characterize and quantify these benefits (Boyd and Banzhaf 2007, Wallace 2007 Note: All values rounded to the nearest $100. Totals may not be exact because of rounding.
excellent illustration of how the spatial distribution of human-use values differs from the spatial distribution of natural stocks, and how differing interpretations of the ecosystem framework result in different spatial apportioning of value. Mapping the distribution of the clam stocks (Fig. 3a) represents a biological reality and may also scale with other ecosystem services such as nutrient cycling or carbon sequestration; however, the distribution of a the fishery-use values of a stock does not necessarily scale with the distribution of a stock itself. Mapping is not necessarily a valueneutral activity. Maps are arguments (Wood and Fels 2008) , and mapping the location of valuable and potentially extractable resources can inadvertently make the argument that the resources are there to be extracted, and perhaps distract from the distribution of the use values of a stock. In contrast, mapping the Willingness to Pay for recreational fisheries gives us indication of how humans are using the system. In the case of Yaquina Bay, the most used areas were those closest to the town of Newport, with easy road access as well as abundant clams, whereas clam stocks in the more remote areas remained relatively unexploited (Fig.  3b ). This suggests that improved access to a recreational amenity might help maximize the benefit obtained from the estuary. http://www.ecologyandsociety.org/vol15/iss4/art7/ A critical issue for us was the availability of data and our dependence on benefit transfer. We relied on personal communications and unpublished data to assess the NOI involved in the recreational fisheries. Benefit transfer was also required to assess WTP in five out of six of our recreational value estimates and, in the case of Weeks Bay, both our estimate of NOI taking part in recreational fisheries as well as the WTP for recreational fisheries at the site. Other authors have pointed to the paucity of, and variability in quality and transferability of, nonmarket valuation data (Woodward and Wui 2001 , Brander et al. 2006 , Pendleton 2007 . This paucity of data is of particular concern given the apparent dominance of the recreational value over commercial value in determining the economic importance of the estuary as a whole. Dependence on benefit transfer introduces unquantified uncertainty into our analysis and reduces the reliability of the data. This becomes particularly problematic when attempting to combine the less error-prone commercial data and to render the combined values spatially.
Habitat maps, combined with habitat faunal associations, allowed us to render economic benefits of fisheries spatially explicit in our three case-study estuaries. To accurately assess habitat values for individual species, habitat-production models are necessary, and consideration must be given to ontogenic shifts in habitat-faunal relations if habitat values are to be assigned correctly. In addition, different habitats may contribute ecologically to the persistence and functioning of other habitats, and these interconnections are not shown in our mapping results, which relied on a simple additive model. In complex ecosystems, the whole may act as more than the sum of its parts. The spatial distribution of habitats is not the only determinant of the spatial distribution of values. Our monetized map of clamming effort in Yaquina Bay (Fig. 3b) indicates that human usage patterns depend on existing built capital structures. The difference in economic values between estuaries indicates that monetary value is also dependent on local demographics. The spatial distribution of ecosystem service values in estuaries is a complex function of local fisheries productivity, human behavior, and demography. 
